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The goal o f  NASA's f u e l - c c l l  program is  t o  obtain l i g h t -  
-* d-ight ,  0 dependable power sources t o  supply a v a r i e t y  of needs. 
These may include, f o r  example, communication; comnmd and control ;  
guidance; radar; image acqu i s i t i on ,  processing, and transmission; 
d a t a  handling and s torage;  l i f e  support;  experiments on environments 
and planetary surfaces;  and motive power f o r  surface-explorat ion 
vehicles .  

space-type f u e l  c e l l s  a r e  (1) the need f o r  very high r e l i a b i l i t y ,  
because chances f o r  r e p a i r  a r e  extremely l imi t ed  even on manned 
missions; ( 2 )  high energy and power d e n s i t i e s ,  because i t  costs 
between 21,COO and $5,000 t o  put a pound o f  substance i n t o  space, 
and our l i f t  c a p a b i l i t i e s  a r e  l imi t ed  while power r e q u i r e m a t s  keep 
increasing;  ( 3 )  the  space environment, where g r a v i t y  i s  absent o r ,  
on the  surface o f  p l ane t s ,  v a r i e s  from t h a t  on e a r t h ;  where r a d i -  
a t i o n  and meteoroids present hazards; where temperatures can 
f l u c t u a t e  widely; and where the re  i s  no atmosphere t o  provide 
oxygen and a c t  as a heat sink. 

temperature f u e l  c e l l ,  with an ion-axchange membrane as e l e c t r o l y t e ,  
which w i l l  power the Gemini spacecraf t  and on the  intermediate-  
temperature modified Bacon f u e l  c e l l  f o r  the ilpollo veh ic l e .  The 
former, estimated t o  c o s t  410 mil l ion ,  and t he  l a t t e r  (+28 mill ion)  
represent  the f i r s t  funct ional  uses of f u e l  c e l l s .  A t  the  time of 
t h i s  presentat ion,  i t  w i l l  have been decided whether a f u e l  c e l l  
w i l l  a lso power the luna r  excursion module o f  kpollo. These multi-  
mi l l i on  d o l l a r  programs f o r  developing f l i g h t  equipment f a r  ec l ip se  
the much more moderate research and development progran o f  K M A .  
The former a r e  the r e spons ib i l i t y  of the Office o f  Manned Space 
F l i g h t ,  the l a t t e r  of t he  Office of Advanced Research and Technology 
(OART).  

Among the m a j o r  f a c t o r s  t o  be considered i n  the design of 

As t h i s  i s  being wr i t t en ,  work i s  i n  progress on the l o w -  

I n  f i s c a l  year 1963, OAHT spen t  about $1.25 mil l ion  on 
f u e l - c e l l  p ro j ec t s  ranging from "basic" r e sea rch  t o  prototype devel- 
opment. On t h i s  occasion, I can only s e l e c t  a few examples o f  our 
xork t o  i l l u s t r a t e  the range of problems i t  covers and. t o  give you 
some o f  the reasons f o r  undertaking these p r o j e c t s .  

On a NASA g r a n t ,  Professor  Bockris and h i s  co-workers a t  
the University o f  Pennsylvania are studying the  dynamic behavior o f  
porous electrodes,  p o t e n t i a l s  of zero charge, and d i f f e rences  
between chemical and electrochemical c a t a l y s i s  , among o the r  topics.  
As p a r t  of a g ran t  f o r  work on energy conversion i n  gene ra l ,  t h i s  
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group i s  a l s o  working on the fundamentals of bioelectrochemistry.  
We thus hope t o  acquire  bas i c  information t h a t  w i l l  be use fu l  f o r  
a l l  lcinds of fue l - ce l l  systems. I s h a l l  r e tu rn  t o  biochemical fhel 
c e l l s  later.  

An i n t e r e s t i n g  hybrid between conventional b a t t e r i e s  arLd 
f u e l  c e l l s  is represented by an idea advanced by Bernard Gruber, 
who proposes t o  impregnate a dry tape with anodic ana cathodic 
mater ia l ,  one on each s i d e ,  and adding e l e c t r o l y t e  j u s t  before  
running the tape through t w o  current  co l l ec to r s .  By operat ing i n  
t h i s  manner, one can a c t i v a t e  the ingredients  immediately before  
use ,  thus making p o s s i b l e  i n d e f i n i t e  s torage as  well  as combinations 
o f  normally incompatible mater ia ls .  This work ,is w e l l  underway a t  
Monsanto and p r o m i s e s  t o  y i e l d  high-energy-density electrochemical 
power sources t h a t  may compete with both primary b a t t e r i e s  and 
primary f u e l  c e l l s .  The need f o r  s to rab le  r eac t an t s  -- for emer- 
gency use o r  energy-depot purposes -- may also be met by development 
o f  f u e l  c e l l s  t h a t  have multi-chemical c a p a b i l i t y  and might u t i l i z e  
r e s idua l  o r  excess amounts o f  rocket propel lants ,  such as  UDUE and 
ni t rogen te t roxide.  

In  devising space power systems, we must consider not only 
the power source but a l s o  the equipment t h a t  i s  t o  be run f r o m  it. 
A s  a crude ru l e  of thumb, we may assume 25% of the output w i l l  be 
needed as a l t e r n a t i n g  cu r ren t ,  25$ as  d i r e c t  cu r ren t ,  and the  r e -  
mainder as e i t h e r  AC o r  DC. Furthermore, various devices w i l l  b e  
operated at d i f f e r e n t  vol tages .  Thus, power "conditioning" i s  an  
important f ac to r  i n  considering the  e l e c t r i c a l  system as a whole. 
Kechanical and/or e l e c t r i c  puls ing o f  f u e l  c e l l s  -- now being 
s tudied on grant as w e l l  as contract  -- may y i e l d  advantages o f  
several  kinds: Longer operating l i f e ,  improved r e s i s t znce  t o  p o i -  
soning o f  c a t a l y s t s ,  lower concentration po la r i za t ion ,  and g r e a t e r  
power output from the f u e l - c e l l  ba t t e ry ;  and b e t t e r  c i r c u i t  con t ro l  
and higher conversion e f f i c i ency  f r o m  the over-all  system may be 
obtained by quasi-AC operat ion.  Needless t o  say,  such b e n e f i t s ,  
p a r t i c u l a r l y  as concerns the f u e l  c e l l  proper, might be even g r e a t e r  
i n  ground appl icat ions where hydrocarbons o r  alcohols 3re used d i -  
.._ * e u b A J  -*, _ _  gs &-&,odic - F * r r r l  .L _LLV c - 

Another t a s k  t h a t  should bene f i t  both e z r t h  and space 
appl icat ions i s  r e sea rch  on high-performance, t h i n  electrodes t h a t  
promise d r a s t i c  c u t s  i n  f u e l - c e l l  weight and volume. Over the las t  
t w o  years  o r  s o  we have progressed f r o m  perhaps 150 lb s .  per  k i l o -  
w a t t  t o  ebout 70 l b s . ,  exclusive of f u e l  and f u e l  tankage; 30 t o  
40 l b s .  per  kilowatt  f o r  f u e l  c e l l  p1v.s a u x i l i a r i e s  now appears t o  
be i n  s igh t .  

Work under way a t  Allis-Chdmers i s  d i r ec t ed  not only at 
obtaining a space-type, loil,-tempexzture, hydroden-oxygen f u e l  c e l l ,  
with an asbestos r e t a i n e r  f o r  the e l e c t r o l y t e ;  i t  i s  also concerned 
w i t h  f inding a simple and r e l i a b l e  method f o r  renoving hea t  m d  
water with the l e a s t  number o f  mechanical novine parts and Kinirnum 
need f o r  p a r a s i t i c  power. This goal should be a t t a ined  by evapora- 
t i n g  water through a c a p i l l a r y  membrane adjacent t o  the  e l s c t r o d e s ,  
the cavi ty  behind the membrane being evacuated t o  a pressure co r re s  
ponding t o  that  o f  the  vapor pressEre of the KCH e l e c t r o l y t e  at i t s  
operating temperature of about 200 F. Operabili ty o f  s x h  a 
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arrangement has been demonstrated, control  i s  simple, and tempera- 
t u r e  is not a c r i t i c a l  f ac to r .  

Primary f u e l  c e l l s ,  i . e . ,  those through which r eac t an t s  
a r e  passed once only, a r e  useful i n  space only f o r  l imi t ed  periods.  
That i s  because the product o f  power and duration (=energy) deter-  
mines the amount of f u e l  and oxidant t h a t  must be c a r r i e d  a l o f t .  
For extended missions, therefore ,  other  primary sources o f  energy 
must be used. I n  connection with solar and nuclear energy sources 
and conversion devices,  f u e l  c e l l s  may be used f o r  energy s torage,  
as secondary power sources during p e r i o b  o f  darkness ( s o l a r  primary 
power), during emergencies, a n d  during periods of peak-power demand. 
Among the several  methods o f  possible regeneration o f  r e a c t a n t s  f r o m  
products, only e l e c t r o l y s i s  and thermal treatment have proven prac- 
t i c a l  thus f a r .  Even s o ,  i t  i s  not y e t  c l e a r  whether regenerat ive . 

f u e l  c e l l s  w i l l  b e  competitive with secondary b a t t e r i e s  o r  other  
secondary conversion devices. 

regenerative f u e l  c e l l s .  One concerns improvements f o r  a low- 
temperature hydl-ogen-oxygen+cell, wi th  e l e c t r o l y t i c  decomposition 
of water. The other  i s  a K diffusion c e l l ,  i n  which potassium 
ions a re  transported through tb-e e l e c t r o l y t e  and f o r m  an amalgam at 
the mercury cathode. The amalgam i s  then decomposed, by heat ing,  
i n t o  i t s  more o r  l e s s  pure components. Whereas the former device 
appears p a r t i c u l a r l y  s u i t z b l e  f o r  use i n  connection with s o l a  
energy, the l a t t e r  could receive i t s  primary energy from e i t h e r  
solar o r  cuclear  heat .  

Eiochemical f u e l  c e l l s  captured the publ ic  imagination 
some t i m e  ago. Meanwhile, fv-rtner exploration o f  t h i s  50-year-old 
concept has indicated r a t h e r  severe l i m i t a t i o n s  o f  power densi ty  
and energy densi ty  f o r  such devices. Nevertheless, they are l i k e l y  
t o  f ind spec ia l ty  vses ,  even i f  these l i m i t a t i o n s  cannot be overcome. 
One such p o s s i b i l i t y  i s  t o  consider b i o c e l l s  as energy-saving waste 
disposals  f o r  extended space f l i g h t s ,  during which human waste must 
be reprocessed f e r  a t t a i n i n g  a closed o r  near ly  closed ecoiogy. I n  
addi t ion t o  the g ran t  mentioned e a r l i e r ,  NASA i s  supporting a three-  
fo ld  a t t ack  on t h i s  problem by sponsoring bas i c ,  appl ied,  and devel- 
opmental s tud ie s ,  aimed at f inding mater ia ls  and condi t iozs  conliucive 
t o  degradation o f  human waste. Since the power consuued i n  such 2 
device w i l l  undoubtedly exceed the t h e o r e t i c e l  -- l e t  alone the 
r ea l i zab le  -- power output,  t h i s  use o f  bioelectrochexis t ry  i s  ob-  
viously not aimed at  power production. If' f e a s i b l e ,  hoxever, i t  r a y  
prove t o  sequire  l e s s  ne t  energy input  than m.y o the r  -approach t o  
waste r e u t i l i z a t i o n .  Similar ly ,  b i o c e l l s  r i g h t  p r o f i t a b l y  be con- 
sidered as possible  means f o r  so lv i rg  problems o f  a e t e r  po l lu t ion ,  
the power produced being a welcome byproduct. 

What do we expect f r o m  space-type fv.el c e l l s ?  Our i m e -  
d i a t e  , prime considerat ions are f o r  high power 2ensi ty  2nd r e l i a -  
b i l i t y .  The Gemifii a n d  Apollo f u e l  c e l l s ,  f o r  exan!ple, w i l l  hzve 
perhnps 116 t o  1/10 the weight of the best  ava i l ab le  p r i ca ry  b a t -  
t e r i e s  t h a t  a r e  capable of del iver ing the same t o t a l  zxour l t  o f  
energy. 
nauts ,  an add i t iona l  bonus not avai lable  f r o m  b a t t e r i e s .  

A t  present ,  we have two e f f o r t s  under way on secondary o r  

Furthermore, the product water \*:ill be used by the  astro- 
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Other requirements may become a s  important o r  even more 
s o  f o r  d i f f e r e n t  space appl icat ions.  Longevity and ease of main- 
tenance, f o r  example, coulc! well  be the  desiderata f o r  f u e l  c e l l s  
vsed a t  a lunar  s t a t i o n  o r  depot. Ease o f  packaging, s to r ing ,  and 
converting chemicals t o  a c t i v e  spec ie s  (say,  hydrogen and oxygen) 
may determine what types of f u e l  c e l l  w i l l  look m o s t  proxising f o r  
propulsion on the moon o r  f o r  powering space s u i t s .  

f o r  a p a r t i c u l a r  t a s k ,  we expect t o  see a much higher degree o f  
soph i s t i ca t ion  i n  the mode of operation o f  f u e l - c e l l  systems. 
Increasing a t t e n t i o n  i s  already being d i r e c t e d  toward optimization 
o f  con t ro l s  and operating conditions.  Each system m u s t  be o p t i -  
x ized i n  such a way as t o  take advantage o f  the leeway permitted 
by i t s  s i z e ,  components, and operating va r i ab le s .  

systems o f  which they w i l l  be p a r t s .  I already mentioned b i o -  
chemical f u e l  c e l l s  as being primary chemical r eac to r s ,  and the 
Gemini and Apollo f u e l  c e l l s  as  being sources of yotzble water. 
Not only byproduct chemicals, but a l s o  byproduct heat  could be use- 
f u l  i n  some cases.  Once we have r e l i a b l e  information about the 
composition o f  the lunar surface,  we may need t o  develop f u e l  c e l l s  
p a r t i c u l a r l y  s u i t e d  f o r  l una r  purposes and independent o f  suppl ies  
from ear th .  

A p a r t  f r o n  requir ing a v z r i e t y  o f  f u e l ,  each optimized 

Fuel c e l l s  w i l l  have t o  become t r u l y  in t eg ra t ed  i n t o  the 

T h i s  necessa r i ly  incomplete discussion of  I A S A ' s  f u e l -  
c e l l  program w i l l  g ive you a f ee l ing  f o r  the  d i f f i c u l t i e s  we face 
and the methods we use i n  attempting t o  overcome them. Vi r tua l ly  
a l l  of t he  information thus obtained should be equally as use fu l  
f o r  earthbound as f o r  space-type f u e l  c e l l s .  Thus, we hope not 
only t o  solve a p a r t  o f  t he  space power problem, but a l s o  t o  con- 
t r i b u t e  d i r e c t l y  t o  t h e  advancement of f u e l - c e l l  technology t h a t  
w i l l  benefi t  o u r  economy. We a r e  very nuch i n t e r e s t e d  i n  your 
comments on our program a n d  melcome your i d e a s  and suggestions 
f o r  f u l f i l l i n g  our t a s k ,  which i s  t o  provide NASA with r e l i a b l e ,  
optimized fue l - ce l l  power tha t  w i l l  be a o p l i c a b l  P t n  many A i  ffel-ent. 
j obs  under a g r e a t  v a r i e t y  of space and planetary conditions.  


